Introduction
The benzyloxycarbonyl (Z-) protecting group plays a m ajor role in peptide synthesis due to its universal applicability. For conformational studies on Z-protected peptides therefore it is of great interest to know how conformations are influenced by inter residue interactions with this amino end group. Therefore conformational energy calculations on Z-Gly m ethylam ide were carried out using our extended version [1] of the " Empirical Conform a tional Energy Program for Peptides" (ECEPP) origi nally developed by Scheraga and coworkers [2] . First geometric param eters and electronic charge distribution of the benzyloxycarbonyl group had to be determ ined, since these data are not included in the standard residue data set o f ECEPP. As the Z-residue is a N-terminal end group containing more than two rotable bonds, some additional modifications of the program had to be applied.
Geometric Parameters and Electronic Charge Distribution o f the Z-Residue
From published X-ray data obtained with com pounds containing the benzyloxycarbonyl group [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , a set of average bond lengths and bond angles of the Z-residue was determined (see Fig. 1 a) . D ata failing to pass Student's t-test at the 99% level were not taken into account; the phenyl ring was Partial atom ic charges for each atom of the Z-residue were obtained from molecular orbital calculations on Z-Gly methylamide, using the over lap norm alized C N D O /2 m ethod [20] . In order to m aintain electrical neutrality, the results were rounded off insignificantly (see Fig. 1 b) .
M inimum-Energy Conformations o f the Z-Residue in Z-Gly Methylamide
Preferred conformations of the benzyloxycarbonyl group were determ ined by varying angles 9 j, 9], and 9] in Z-G ly methylam ide (cf. Fig. 4) . In a first step, energy contour maps in 9}-9] space were com puted for some values of 9 j (all other angles were kept at 180°). The resulting map for 9 \ = 90° is shown in Fig. 2 . From the low-energy regions of the maps starting conformations for energy m inim i zation were selected. Minimization was carried out using program ECEPP/A [1] . Iteration was term i nated as soon as, for two subsequent cycles, confor mational energies differed by less than 0.001 kcal/m ol, or if none of the variable dihedral angles 9\, 9j, and 9} deviated by more than 0.1 0 from its form er value. In this way 8 minimum-energy con form ations were found which are listed in Table I.  The table shows that 
Minimum-Energy Conformations o f Z-Gly Methylamide
Up to this point angles < p2 and y/2 (cfi Fig. 4 ) had been held constant. By including these angles into the m inim ization procedure, we now looked for conform ational energy minima of the complete structure. By combining the 8 conformations o f the Z-residue, sum m arized in Table I , with 7 minim umenergy states of Gly in N-Acetyl-Gly m ethylam ide [21] we arrived at 56 different starting conform a tions for program ECEPP/A. Eventually, 34 lowenergy conformations (AE ^ 3.0 kcal/m ol) of Z-Gly m ethylam ide were found, the more im portant of which are sum m arized in Table II . Conformational energies are given as A E = £ -E0, where E 0 is the Table I are indicated by the corresponding capital letters. Conform ations derived from X-ray data (see Table III ) are indicated by filled circles. Num bers in lines are energy levels (kcal/m ol) above the minim a at (6 }, 9 1) = (-6 6°, 110°) and (6 6°, -110°). Table II) is depicted by Fig. 3 . From the data of Table II one can ascertain that the ensemble of conform ations is dom inated by con form ation 1, and its m irror image 2. According to Boltzmann statistics these two global m inim um conformations have a 56% probability o f occurence. In the range of A E ^ 2.2 kcal/m ol (92% o f the lowenergy conform ations with A E ^ 3.0 kcal/m ol) the Z-residue adopts exclusively the folded conform a tions A, A*, B, and B*.
Results and Discussions
From our results it is evident that the Z-residue is a rather flexible entity. In the 9 } -9] contour map (see Fig. 2 Table II ) is shown in Fig. 4 .
Little change of E was observed when angles 0 j, 9 f, or 9 1 were perturbed. This finding again points to the fact that the benzyloxycarbonyl group has a high librational entropie. D ue to the partial double bond character of the urethan bond, the corresponding angle 9 \ shows a stronger effect on conformational energy. In addition this dependency is considerably intensified by building up a C 7 hydrogen bond between the carbonyl oxygen of the urethan bond and the amide hydrogen (see Fig. 3 ).
The results of X-ray studies on Z-protected com pounds [3, 6, 7, 13, 14, 16, 18] (Table III) During m inim ization the values of the variable angles were changed by only a few degrees. This is especially true for the dihedral angles < p2 and y/2 of Gly, which are essentially the same in N-Acetyland Z-Gly methylamide.
From the above analysis, as well as from calcula tions on Z-Asp-and Z-G lu methylamide carried out recently, it is clear, that interresidue interactions in benzyloxycarbonyl-protected amino acids cause only small perturbations of the conformational space in a particular residue. If the Z-protected peptide con tains Pro or if the peptide in question is larger, the urethan group may be strongly involved in intra m olecular hydrogen bonds [19, 22, 23] ,
